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Abstract:  There are many reasons to preserve the biological diversity of the earth, and perhaps the most 
compelling is the insurance that it provides for the uncertain times ahead.  The responsibility for 
maintaining this biodiversity falls particularly heavily on the custodians of the tropical forests, where 
species richness is highest.  How can these forests provide for the immediate needs of local inhabitants, 
whilst maintaining their rich diversity for all in the longer term?  A "hands-off" approach is neither 
practical nor necessary, and a few simple guidelines provide reasonable protection for most species. 
 
Strict nature reserves provide a small but important part of the solution.  They should be large, contiguous 
and compact, and should be set within a matrix of production forest.  Remaining fragments of old-growth 
forest may be critical for some specialist species and should be protected.  However, reserve networks 
should not be restricted to old-growth forest, but should represent all vegetation types.  In many cases, 
degraded lands may be the only option for representing some types, and they should be protected and 
rehabilitated. 
 
Nature reserves are only part of the solution, and must be supplemented by production forests, managed in 
a sympathetic way.  Timber may be harvested in many ways, but for most tropical forests, polycyclic 
selection logging may provide the best compromise between production and maintenance of diversity.  
Selection logging should strive for minimal canopy opening and minimal soil disturbance.  Some veteran 
trees should be retained to provide hollows and nesting sites for fauna.  Buffer strips should be maintained 
along streams, and should be supplemented to form interconnecting corridors between undisturbed forest. 
 Roads should be narrow, well engineered and well drained to minimize erosion and silting. 
 
Agroforestry can also help maintain biodiversity.  Windbreaks and hedgerows should be wide, linking 
forested areas to create wildlife corridors, and should include a large range of plant species.  Maintenance 
of biodiversity requires participation and good husbandry from all land custodians, not just forestry.  
Agriculture and urban developments are often the dominant land use, so can contribute much toward the 
maintenance of wildlife habitat. 
 
 
Introduction 
 
The biggest threats to our world include overpopulation, pollution (including CO2-induced climate 
change) and loss of biological diversity2.  Whilst forests have a role to play in combatting all of these 
threats, they have an especially important role in maintaining a rich and healthy diversity of life on this 
                     
    1Paper for The Oxford Conference on Tropical Forests 1992 on "Wise Management of Tropical Forests", 30 March-1 April 1992, Oxford Forestry 
Institute, Oxford, U.K.  The author is Professor of Tropical Forestry at the Royal Veterinary and Agricultural University, Thorvaldsensvej 57, DK-
1871 Frederiksberg, Denmark. 
    2 Diversity = Richness × Evenness.  Richness is the number of species, whilst evenness is the relative number of each.  Consider two pieces of 
forest, one with 99% pine and 1% oak, the other with 50% of each.  Both have equal richness (2 species), but the latter has greater evenness, and thus 
greater diversity.  In the present paper, I am primarily concerned with species richness. 
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planet.  Production forests (even plantations) remain relatively natural compared with most other 
production systems and may provide the major habitat for many plants and animals throughout the world. 
 This role is particularly important in the tropics, where rain forests exhibit extraordinarily high biological 
diversity.  The tropical rain forests may account for half of the worlds species, even though they occupy 
only seven percent of the land area (Wilson 1988)!  This poses a difficult challenge for forest managers 
who must reconcile production, protection and conservation objectives.  How can these sometimes 
conflicting objectives be reconciled? 
 
Does it matter if some species are lost?  This question can be addressed from several viewpoints including 
economics and ethics.  Lowly plants may have unexpected values; one example is the lucky find of a wild 
tomato plant which resulted in an US$8 million a year improvement in tomato production (Iltis 1988).  
More importantly, the first precaution of intelligent tinkering (Leopold 1949) is to save all the cogs and 
wheels — even if you don't know their role.  This holds for the earth too, and our options for the future are 
directly linked to the existing biodiversity.  We are totally reliant on many natural processes for our 
existence; we are irrevocably modifying the very environment in which we live, and we need the greatest 
possible biodiversity to guarantee our future.  Even the most insignificant organisms may have a 
significant role in our future; we have seen this with antibiotics and now, even more spectacularly in gene 
transfer technology.  Current rates of deforestation and extinction are so high that we may face a crisis 
within our lifetime: this is a real problem facing us today, not an academic issue for future generations to 
resolve.  It is imperative that we conserve the greatest possible biodiversity in all ecosystems and in all life 
forms. 
 
I don't wish to debate whether or not forests (tropical or otherwise) should be harvested.  Like it or not, we 
may take it for granted that sooner or later most forests will be exploited.  Humans currently appropriate 
about 40% of all terrestrial primary productivity (Vitousek et al. 1986), and most of us will see the 
population double within our lifetimes.  The industrialized nations decimated most of their forests before 
the turn of the century, and it is inevitable that the tropical nations will make inroads into their forests as 
their populations increase and they become more industrialized.  Currently, about five percent of forests 
are reserved as national parks or in similar secure tenure.  It is possible that the protected area may 
increase to as much as ten percent, but unrealistic to think that we can preserve more than that.  At best, 
such a network of protected areas may provide for about half the species (Williamson 1981); the rest 
depend upon unprotected lands, lands which will be exploited as production forests, agricultural lands and 
urban areas.  Thus it is important to define some guidelines to enable exploitation with minimal impact on 
biodiversity and productivity. 
 
It is inevitable that during the next few decades, many species will be lost.  It is already too late to do 
much about this; it is a natural consequence of past changes in land use.  But what we have to learn, and to 
do, is to manage future land use so as to minimize impacts on non-target species and to minimize 
disruption of natural processes.  The question is, how can we minimize the damage? 
 
 
The Interventionist Approach 
 
Suppose we have a mature forest to manage for production and conservation, and that we are reliant on 
this forest for our income, so that strict preservation is not an option.  One option we have is to harvest the 
lot (i.e. clearfell), and to re-invest some of the profit in redeveloping the site.  We could have a arboretum 
and zoological garden for the species richness, a fun park for the profit, and some timber plantation for the 
tax breaks.  Even-aged monocultures seem to provide more efficient timber production, so we might 
choose sitka spruce in the U.K., Acacia mangium in S.E. Asia and Eucalyptus grandis in Brazil.  Whilst 
this example is anecdotal, it serves to illustrate the problems of in situ and ex situ preservation of 
germplasm, the challenges of profitable production, and the influence of fiscal policy. 
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How well do we satisfy our objectives with such an approach?  An arboretum cultivates only part of the 
flora, so we should prefer a botanical garden.  But even with a very good botanical or zoological garden, 
we can only preserve those species that we have identified and collected, and for which the cultural 
requirements are known.  Those species which have not yet been collected and identified will be lost, as 
will those for which we cannot reproduce suitable conditions for survival and multiplication.  We can 
insure against cultural and reproductive failure by placing germplasm in cryogenic storage, but this merely 
postpones the problem.  So we have a rather risky strategy, with high likelihood that some species will be 
destroyed without us ever knowing. 
 
There are financial risks too.  There is no doubt that "fun" parks may generate more revenue than 
wilderness areas or production forests, but there is also a possibility of bankruptcy.  Similarly, exotic 
monocultures may be profitable if successful, but there are many examples of failed plantations.  In this 
interventionist approach, we are have a potentially greater profit in the short term, but a much greater risk 
of failure. 
 
 
The Passive Alternative 
 
Another alternative is to manage the forest under a selection logging system.  Such a system could provide 
a steady flow of timber and could rely on natural regeneration.  Most of the forest could be kept in a 
natural or near-natural state, and the risks of failure would be much less.  Unfortunately, so too would the 
profits, especially in the short term.  With this system, we may miss out on the tax concessions and on 
other benefits (publicity, etc.), because we're not seen to be "doing something".  In fact, we may be doing 
a lot for the maintenance of biodiversity and productivity, much more than the interventionist alternative.  
Why then, does the "bottom line" look worse? 
 
 
Economics 
 
The problem is of course, that our system "focusses profits and diffuses costs".  The benefits of wilderness 
and biodiversity don't accrue to the forest owner, and he doesn't pay the full costs of environmental 
degradation, soil erosion and downstream silting, etc.  Whilst we can account for some of the non-timber 
values of the forest, full environmental accounting remains rather difficult (e.g. Worrell 1992).  
Nonetheless, some attempts at a more complete valuation indicate that sustainable forest management is 
more attractive financially than most alternatives (e.g. Peters et al. 1989). 
 
All this is further complicated by the rate of time preference, and the distortion introduced by talk of bans. 
 Time preference quantifies our preference for cash in hand now, rather than in some uncertain future.  But 
the uncertainty surrounding the tropical timber trade distorts the normal time preference, so that producers 
are tempted to "take the money and run", while markets still exist.  Whilst there remain proposals for bans 
on tropical and "old-growth" timber, we must deliver a very clear message that we will continue to 
purchase and pay more for timber (and other products) from environmentally sound production systems.  
And if a ban is to be effective, it must be effected promptly, by all consumers on all producers, otherwise 
it may be counterproductive. 
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Biodiversity, Biogeography and Reserve Design 
 
The issue of biological diversity poses many interesting philosophical questions.  Why do we want 
biological diversity?  Are all species equal, or is their value related to genetic complexity or commercial 
potential?  What do we lose when an unknown and unnamed species is lost?  However, from a practical 
viewpoint, these questions are largely irrelevant.  Those of us with a secure income may view all 
organisms with equal fascination, while others may take a more utilitarian viewpoint.  There are many 
reasons to maintain biodiversity, and the most important question is the practical one of how best to do 
this. 
 
Biogeographical studies on land-bridge and artificial islands have contributed much to current knowledge 
of extinction rates, area requirements and reserve design.  Whilst there remains considerable scope for 
further research, existing scientific and local knowledge can provide some general guidelines.  These 
impact on the design of nature and forest reserves, on the design of agricultural and urban development, 
and on all forms of land husbandry. 
 
Some recommendations concerning the design of reserves can be made: they should be big and 
contiguous, parts should connected or close together, and the perimeter should be small relative to area 
(Diamond 1975, Shafer 1990: but note that some of these principles are still being debated).  A convoluted 
perimeter may increase the numbers of some game, but habitats for these "edge-dwellers" are usually 
more abundant than habitats suitable for specialist forest dwellers.  Furthermore, edges provide entry 
points for exotic species which may compete with and/or prey upon target species.  However, in practice, 
the need to maximize diversity and incorporate a full range of habitats within the reserve, may prevail over 
some of these idealized recommendations.  Similarly, when a reserve is embedded within a larger well-
managed forest, the need for contiguity, proximity and compact perimeters may be less critical - although 
I'm not aware that this has been rigorously tested. 
 
Another pertinent issue is where to locate the proposed reserve.  In most instances, there may not be much 
choice other than to protect the existing forest.  Remaining fragments of primary forest may be especially 
important, and attempts should be made to incorporate these into the reserve system.  However, attention 
should be devoted to ensuring a good representation of habitats, and this may mean reserving and 
rehabilitating degraded lands if these are the only available representatives.  Limitations of most survey 
data restricts their utility for reserve design, but good data from systematic surveys may be helpful in 
placing reserves to cater for specific organisms.  The presence or absence of the rare species in the richest 
forests remains relatively unpredictable (Ashton 1989), and survey data may be the only way to 
accommodate some species within a reserve network.  Other environmental data such as topography, 
climate and soils or geology may be useful in ensuring representation and diversity within a reserve 
(Mackey et al. 1988).  However, useful inference requires great care in the selection and use of such data.  
For example, it may not be the mean climatic indices, but rather the extremes (e.g. droughts, floods and 
frosts) which shape vegetation patterns. 
 
Ultimately, all of these guidelines may be of limited utility, and the final reserve system may be dictated 
by practical limitations including the existing land use and tenure system, economic considerations, 
accessibility and other social, economic and political factors.  But don't despair, it's worth the effort to 
create the best reserve system possible. 
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Management Guidelines for Timber Harvesting 
 
This research into reserve design and placement is interesting but rather academic.  In most places, land 
use and tenure patterns are well established and offer little opportunity for change.  We simply have to get 
on with the best management we can effect within the existing constraints.  It is currently fashionable to 
portray rain forests as fragile ecosystems.  I don't share this view, as any disturbance in the tropical moist 
forest is usually followed by rampant regrowth — in contrast to the slow recovery in some arid and alpine 
environments.  However, all regrowth is not equal, and any disturbance created through harvesting should 
provide for regrowth which will eventually recreate the natural ecosystem prior to disturbance. 
Fortunately, standard timber harvesting and silvicultural practices are often rather benign, and can be 
improved with relatively minor modifications (e.g. Poore and Sayer 1991).  The ITTO (1990) guidelines 
of best practice provide a good starting point, and can be adapted to local conditions and needs. 
 
One of the most important factors in the wise use of natural resources and the maintenance of biodiversity 
is the preservation of soil productivity, and this applies to forest harvesting operations as well as to any 
other form of land husbandry.  This means minimizing erosion, compaction and other forms of 
disturbance which may alter soil structure and function, and requires suitable logging equipment and 
trained operators.  Specific recommendations regarding equipment cannot be given, as suitability may 
depend on local conditions.  Aerial logging systems such as helicopters and balloons may be good in 
theory, but are rarely economically feasible.  Skyline systems offer minimal soil disturbance, but are 
usually associated with clearfelling operations.  The relative amount of soil disturbance caused by tracked 
bulldozers and rubber-tyred skidders seems to depend more on the operator than on the machine per se.  
Grapple skidders and logging arches may lift the leading end of the log clear of the ground, so reducing 
soil disturbance.  Excessive horsepower is undesirable as it tends to encourage operators to use brute force 
rather than skill, and thus to cause greater impacts.  All logging equipment, especially earth moving 
blades, should be as small as possible, enabling logs to be extracted with minimal disturbance to the 
vegetation.  An intact organic layer should be maintained on extraction routes, and the amount of bare 
mineral soil exposed should be minimized.  Ultimately, minimizing soil disturbance relies on the skill and 
the will of the operator, so adequate training, suitable incentives and competent supervision are necessary. 
 
Whilst the soil may shape the long term recovery of a site, changes in the canopy may be of greater 
importance in the short term.  Unlike some temperate conifer and Eucalyptus forests which are adapted to 
massive disturbances, the tropical rain forest has evolved and adapted to small local disturbances, usually 
caused by the falling of individual trees.  Whilst the forest can adjust to more extensive disturbance, it is 
likely that as-yet unrecognized species will be better served by smaller disturbances on a more natural 
scale.  Commercial selection logging creates greater disturbance than the natural scattered fallen trees, but 
minimal canopy disturbance may reduce the impact of logging.  However, this strategy may not be 
universally successful, and its suitability depends upon the silvicultural characteristics of the forest and the 
regenerating seedlings.  This approach was used in the tropical rain forests of north Queensland, where 
canopy opening during commercial logging did not exceed 50 percent, and was sometimes as little as 20 
percent. 
 
In many logging operations, roads are a major problem, causing extensive erosion and silting, and 
providing a formidable obstacle effectively isolating the forest on either side.  However, it need not be so.  
Roads can be designed and constructed to be rather benign to the environment.  They should be carefully 
located and engineered to avoid steep gradients.  Drainage work should be sufficient to prevent erosion 
and silting of streams.  It is particularly important that roads be as narrow as possible where they cross 
buffer strips and other corridors of natural vegetation.  Many roads and extraction tracks are too wide, 
causing an unnecessary obstacle to migration and regeneration.  There are some indications that roads not 
exceeding fifteen metres do not cause a significant obstacle to small mammals.  Roads of fifteen metres 
width should be sufficient for most forest operations, and this limit should not be exceeded. 
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Stream Buffers and Steep Slopes 
 
Stream-side vegetation is particularly important in controlling water quality and as a habitat for plants and 
animals.  Thus the exclusion of all harvesting operations (i.e. both tree felling and extraction activities) 
from a buffer zone along both sides of streams, can help to maintain the water quality and assist in the 
conservation of biodiversity.  A buffer of twenty metres is generally recommended for permanent streams; 
less for seasonal watercourses and more for lakes and larger water bodies.  In practice, the width of the 
buffer isn't so critical, but it is critical that the principle be observed, that tree felling and extraction be 
strictly excluded from the stream buffer, and that roads be restricted to the minimum number of well 
constructed crossings.  Any trees near the buffer which are to be harvested, should be felled away from the 
buffer, so that the stream buffer remains undamaged and the stream remains free of fallen tree crowns.  
Any debris falling into the stream should be retrieved, so as not to obstruct water flow and quality. 
 
Since the potential for erosion increases with topographic slope, an important way to reduce erosion is to 
avoid steep slopes.  No blanket rule can be given since the critical limit depends upon rainfall intensity, 
soil type, equipment used and operator skill.  Thirty degrees is steep enough to give erosion problems even 
with the best care and attention to detail, so it seems reasonable to set a limit of around 25 to 30 degrees.  
Again, the actual limit is less important than the observation of the principle. 
 
The stream buffers, steep slopes and other areas excluded from logging should provide suitable corridors 
for the movement of wildlife, and refuges from which fauna and flora can re-invade logged areas.  
However, these buffers and steep slopes provide an unrepresentative sample of the forest, and additional 
representative areas should be protected from harvesting to provide suitable refuges from which re-
colonization can take place.  These areas should be selected to include populations or habitats of rare or 
endangered species, sites rich in endemic species, areas with unusual land-forms, and vegetation types not 
adequately represented in protected areas.  The principles for reserve design apply, except that it may be 
desirable to have several of these areas, each of about 100 hectares, rather than a single area, so as to 
enhance re-invasion of the logged areas. 
 
Frequency and Extent of Harvesting 
 
It is inevitable that timber harvesting will cause some disruption to the forest; the art of good management 
is to reduce the impact to a minimum.  There is some conflict here: production would make as much 
money as often as possible through frequent and heavy harvests, whilst conservation would minimize the 
nature and frequency of the disturbances.  Some compromise is necessary.  A subsequent harvest should 
not be scheduled as soon as a profit can be reaped.  Rather, sufficient time should be allowed for the 
canopy to recover and for some shade tolerant regeneration to become established.  This enables the forest 
to retain some primary species3.  With shorter harvesting cycles, primary species may be lost and the 
forest would be converted to one comprising secondary species only. 
 
Selection logging seems to be a rather benign form of exploitation, and should be favoured except where 
there are reliable data supporting the use of more intensive silviculture.  However, girth limits for a few 
species do not constitute a selection system.  In addition to the issues discussed above, care is required to 
keep gap size small, maintain sufficient seed sources, and to maintain food and nest trees for fauna.  
Sufficient nesting sites for some fauna may be provided by the defective hollow trees remaining after 
harvesting, but the specific needs of the endemic fauna should be researched and provided for. 
                     
    3 Primary species are those species characteristic of the "virgin" forest, whilst secondary species are pioneer and other species 
more characteristic of regrowth forest. 
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Polycyclic selection logging involves taking some of the trees from some of the areas, in some of the 
years.  It is important that the cumulative effect over several cycles does not become all the trees in any 
area, or some trees from all areas.  Conservation of biodiversity requires that the cumulative effect remains 
some of the trees in some of the areas.  To maintain habitat diversity, some trees must be kept on all areas, 
and all trees must be retained on some areas.  This can be done in a production forest; it is not too much to 
ask. 
 
 
Monitoring 
 
Resource management should be responsive and adapt to changing knowledge and needs.  Even the most 
carefully planned management system should be modified as new information becomes available.  Good 
management requires early recognition of the need for modification.  Without formal monitoring, there is 
a danger that a problem will not be recognized until it is well advanced, perhaps until it is too late for 
effective intervention.  Thus monitoring is the preventative maintenance of resource management. 
 
What do we need to monitor?  That depends largely upon the recognized problems and weaknesses, and 
on the management objectives for the resource.  Biological diversity is so complex and intangible that we 
need to focus on specific elements and processes.  If a reserve is home to an endangered species, or known 
to harbour an exotic pest, then it will be useful to monitor their numbers and health, and their predators 
and prey.  Similarly, it may be instructive to monitor some commercially important species.  Broader 
perspectives of reserve well-being are more difficult to measure, and the most effective approach may be 
to determine the identity and role of several pivotal or keystone species and to monitor their status.  
However, this provides only part of the picture, and other aspects should also be monitored (Landres et al. 
1988).  Some aspects of the environment are not well suited to enumeration, and a photographic record 
provides a necessary supplement to quantitative monitoring (Mok and Poore 1991). 
 
 
Agroforestry and Agriculture 
 
At this conference on tropical forests, the focus is on forest management.  But in most of the tropics, 
agriculture forms the dominant land use and may have a major influence on the maintenance of 
biodiversity.  Some forms of agriculture such as extensive grazing are benign and compatible with the 
maintenance of indigenous species.  Large scale industrial monocultures are less compatible, but in many 
cases could be modified to reduce impacts and create a richer environment.  In many cases, these 
modifications may not only be good for the environment, but may also be good for production by, for 
example, reducing pest problems and/or soil erosion. 
 
Here in Britain, the contribution of hedgerows to fauna and flora conservation is well documented, but it 
seems that little from these lessons has been learned elsewhere.  Hedgerows, especially if they comprise 
several local species, can provide an important wildlife habitat.  The habitat can be further enriched by 
providing hedgerows with both trees and shrubs, and by increasing the width of the hedgerow.  Wide 
hedgerows, windbreaks or shelterbelts can serve as effective wildlife corridors linking remnants of natural 
vegetation. 
 
Production forestry has often been accused of being too conservative and too production oriented, 
devoting insufficient attention to non-wood values of the forest.  This criticism has sometimes been 
justified, but most foresters and forest services now recognize and adopt this wider responsibility.  But 
there is still scope for further improvement and for more imagination, especially in our management of 
non-wood products and in agroforestry systems.  So lets do it better! 
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Summary 
 
Production forests may be important in the conservation of biodiversity, and can form an important 
complement to protected reserves.  There are four important components: 
 
• Reserves should be established to protect existing areas of undisturbed forest and to preserve 
representative areas of all major habitats.  Reserves should be large, contiguous and have compact 
perimeters. 
 
• Production forest should managed to minimize soil and canopy disturbance.  Logging should be 
excluded from stream buffers and steep slopes.  Such areas should be supplemented to provide a 
network of representative undisturbed areas from which colonization of the logged area can 
occur.  Logging equipment should be small and operators trained.  Roads should be narrow, well 
designed and well drained. 
 
• Plantations can be used to rehabilitate degraded areas and to link isolated areas of protected reserves and 
production forests. 
 
• Agroforestry can also contribute to biodiversity maintenance, especially by providing wildlife corridors. 
 Hedgerows, windbreaks and shelter belts should include more species, should be wider, and 
should link forested areas. 
 
These provisions can be accommodated within production forestry, and in other forms of commercial land 
husbandry.  And as part of a broader strategy for rational resource use (e.g. IUCN/UNEP/WWF 1991), 
will help to guarantee our future.  So let's do it! 
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